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Background: HIV prevention among young people in southern Africa is a public health priority. There is little rigorous evidence of the effectiveness of different intervention approaches. We describe findings of a cluster randomized trial of a community-based, multicomponent HIV, and reproductive health intervention aimed at changing social norms for adolescents in rural Zimbabwe.
Methods: Thirty rural communities were randomized to early or deferred implementation of the intervention in 2003. Impact was assessed in a representative survey of 18-22-year-olds after 4 years. Participants self-completed a questionnaire and gave a dried blood spot sample for HIV and herpes simplex virus-2 (HSV-2) antibody testing. Young women had a urinary pregnancy test. Analyses were by intention-to-treat and were adjusted for clustering.
Findings: Four thousand six hundred and eighty-four, 18-22-year-olds participated in the survey (97.1% of eligible candidates, 55.5% women). Just over 40% had been exposed to at least 10 intervention sessions. There were modest improvements in knowledge and attitudes among young men and women in intervention communities, but no impact on self-reported sexual behavior. There was no impact of the intervention on prevalence of HIV or HSV-2 or current pregnancy. Women in intervention communities were less likely to report ever having been pregnant.
Interpretation: Despite an impact on knowledge, some attitudes, and reported pregnancy, there was no impact of this intervention on HIV or HSV-2 prevalence, further evidence that behavioral interventions alone are unlikely to be sufficient to reverse the HIV epidemic. The challenge remains to find effective HIV prevention approaches for young people in the face of continued and unacceptably high HIV incidence, particularly among young women. 
Background
Recent surveillance suggests that 2.5 million people become infected with HIV annually. Forty percent are aged 15-24 years [1, 2] . Of the 6 million HIV-positive young people in sub-Saharan Africa, 76% are women [3] . The United Nations General Assembly Special Session on HIV/AIDS declared [4] that by 2005, 90% of youth aged 15-24 years should have the information, education, and life-skills needed to reduce their chances of HIV infection (no country achieved this) [5] and that there should be a 25% reduction in new HIV infections in the worst affected countries (six countries achieved this). Encouragingly, the proportion of young people who first have sex aged less than 15 years appears to be declining [5] .
In 2004, the Joint United Nations Programme on HIV/ AIDS (UNAIDS) commissioned systematic reviews on the effectiveness of HIV prevention interventions for young people [6] . They found good evidence that schoolbased interventions can reduce reported sexual risk taking [7] . There was also evidence that providing training to make health clinics more 'youth friendly' increases clinic usage [8] . However, there remains sparse data to support the implementation of community-based approaches, which aim to change societal norms to support individual behavior change [9] . Overall, few trials of adolescent HIV prevention interventions with objective biomedical endpoints were identified and one of the key recommendations of the review was that more rigorous research should be funded and conducted.
We report the results of a cluster randomized trial to determine the effectiveness of a community-based multicomponent HIV prevention intervention for young people, conducted in rural Zimbabwe between 2003 and 2007. The trial had two primary endpoints: prevalence of HIV and of HSV-2 was compared between clusters in early and deferred intervention arms. Secondary endpoints included pregnancy prevalence, and reported knowledge, behavior, and attitudes.
Methods

Study population
The trial was conducted in 30 communities in seven districts in south-eastern Zimbabwe (map shown in Supplementary Fig. 1 , http://links.lww.com/QAD/ A87). Communities were randomized to early intervention implementation (2003) or delayed implementation (2007) using restricted randomization [10] . A community comprised a rural clinic, its catchment population, and secondary schools.
The Regai Dzive Shiri intervention
The intervention has been described in detail elsewhere [11] . It was delivered to young people, parents, and clinic staff and was theoretically based in social learning theory [12] and the stages of change model [13] . It aimed to achieve change in societal norms within communities. The intervention had three integrated components:
(1) The youth program for in-of-school and out-of-school youth was delivered by carefully selected, trained, and Standard HIV prevention activities were implemented through the District AIDS Action Committees across all communities. No other HIV prevention activities aimed specifically at youth were conducted in either arm of the trial during the period of implementation.
Impact evaluation
The original intention was to determine the impact of the intervention within a cohort of Form 2 pupils (ninth school year) attending trial secondary schools (n ¼ 82). All Form 2 pupils were invited to join the cohort and to participate in the baseline survey (in 2003); 6791 pupils, median age 15 years, participated (86% of eligibles); crude HIV prevalence was 0.8% [95% confidence interval (CI) 0.6-1.0] and HSV-2 prevalence was 0.2% (95% CI 0.1-0.3) [11] . It was intended to follow this cohort for 4 years till 2007. However, during our interim survey in 2006, we found that there had been considerable outmigration (46%) [14] . Those who remained were of lower risk than those who had left [HIV prevalence among remaining cohort was 1.2% (95% CI 0.7-1.9)].
We also conducted a representative population-based survey of 3960 18-21-year-olds (91% of eligible candidates) in 2006 to see whether the well publicized decline in HIV incidence in Zimbabwe [15] was likely to reduce the power of the trial. Community HIV prevalence in women was 8.3% (95% CI 7.0-9.8) and in men was 3.3% (95% CI 2.6-4.1). Revised sample size calculations suggested that the trial would have considerably reduced power if we followed the original cohort, but that a cross-sectional population-based survey of 18-22-year-olds would provide more than 95% power to detect a 40% reduction in HIV prevalence and 80% power to detect a 30% reduction. As the intervention had become increasingly community-based, assessing intervention impact using a population-based survey rather than among the original school-going cohort seemed logical. As a result, it was decided at a meeting of investigators and the data and safety monitoring board chair to change the design accordingly.
For the final survey, we selected six enumeration areas (Census Bureau geographical areas 100 households) in each trial community. The enumeration areas were purposively selected to ensure that sites where intervention activities took place in that community were included (clinics, schools, community centers). Each trial community comprised approximately 50 enumeration areas, suggesting that around 12% (i.e., those from six of 50 enumeration areas) of 18-22-year-olds living in trial communities as originally defined were eligible for inclusion in the final survey. Of note, although the age of the cohort spanned 11 years, the age of participants surveyed at the end of the trial spanned 5 years. Without outmigration from communities, the proportion of original cohort members being included in the final survey was unlikely to be more than 7%. All 18-22-yearolds who lived in the 180 enumeration areas selected were eligible for inclusion.
Survey procedures
Participants provided written consent and completed a questionnaire in two stages: using audio-self-administered questionnaire (audio-SAQ) and using audio-computerassisted-survey-instrument (ACASI) [14] . ACASI was used for collection of particularly sensitive data and for all questions that required use of complex skip patterns [14] . Data collected using audio-SAQ were double-entered onto a Microsoft Access password-protected database. All participants were asked to provide a finger-prick blood sample. Women gave a urine sample for pregnancy testing.
Laboratory procedures
Blood samples were collected onto filter paper and tested for HIV-1 antibody in Harare using a validated testing algorithm [11] . All specimens were tested using two ELISA tests (Vironostika HIV Microelisa System; BioMerieux Inc., Durham, North Carolina, USA and AniLabsytems EIA kit; AniLabsystems Ltd, Vantaa, Finland), with additional western blot for discrepant results. Dried blood spot samples were tested for antibodies to HSV-2 using a type-specific HSV-2 assay (Focus HerpeSelect EIA; Focus Diagnostics Cypress, California, USA) with the index for diagnosing positive samples raised to more than 3.4 to improve specificity [16] . Urine samples were tested on site for pregnancy using Cortez OneStep hCG Rapidip InstaTest (Cortez Diagnostics Inc., Calabasas, California, USA). Univariate and multivariate analyses were performed using generalized estimating equations (GEEs) with exchangeable correlation matrix and robust standard errors to account for cluster randomization. Impact of the intervention program on primary and secondary endpoints was assessed by performing an unadjusted GEE analysis comparing the outcomes between study arms. Crude odds ratios were adjusted a priori for age, marital status, education and the strata used for randomization [10] , and further adjusted for any other potential confounding variables showing an imbalance between study arms. Cox regression, with robust standard errors to allow for clustered design, was used to explore the association between intervention status and age of sexual debut.
A subgroup analysis was undertaken to assess whether impact varied with intensity of intervention exposure, which compared the impact of the intervention among those participants who had attended Regai Dzive Shiri trial schools and had lived in trial communities over the period of intervention delivery.
Analyses were preplanned and the analytical plan submitted to the data and safety monitoring board before analysis was undertaken. 
Ethical approval
Results
Overall, 4684 of 4822 (97.1%) eligible individuals identified, participated in the final survey (Fig. 1) ; 2593 (56%) were women.
The two trial arms were well balanced (Table 1) . Women were more likely than men to report having been married (45.6 vs. 7.6%) and to having married younger. Men had lived in communities longer than women and were better educated. Women were more likely to have left school due to pregnancy or marriage. Orphaning and poverty were widespread.
Intervention exposure Around 54% of participants (61% of men and 46% of women) had attended a trial school. Few participants in intervention communities went to comparison schools or vice versa (<3%) ( Table 1) .
Overall, 30% (n ¼ 695) of survey participants in the intervention arm (48% of men and 15% of women) reported attending an intervention school when a PPE was present and so are likely to have received the inschool intervention ( Supplementary Fig. 2 , http:// links.lww.com/QAD/A87). Overall, 20% (n ¼ 478) of the intervention arm reported attending 10 or more outof-school youth sessions; 9% (n ¼ 212) had attended both the in-of-school and out-of-school intervention and 41% (n ¼ 961) had attended either the in-school and/or outof-school youth program. One-third of men and 61% of women surveyed did not report receiving any intervention (i.e., had not attended a trial school or the out-of school intervention).
Impact of the intervention on knowledge and condom self-efficacy In men, there was an increase in knowledge related to sexually transmitted disease (STD) acquisition [adjusted odds ratio (AOR) ¼ 1.32; 95% CI 1.08-1.61] and pregnancy prevention (AOR ¼ 1.59; 95% CI 1.27-1.99) in the intervention arm but not for HIV acquisition (Table 2 ). There was no effect on reported self-efficacy. In women, there was an increase in knowledge related to STD acquisition (AOR ¼ 1.45; 95% CI 1.17-1.79) and pregnancy prevention (AOR ¼ 1.32; 95% CI 1.14-1.55) in the intervention arm but again not for HIV acquisition (Table 3 ). There was a modest impact on reported selfefficacy.
Impact of the intervention on reported attitudes and behaviors Among men, there was no impact on attitudes relating to relationship control overall, although there was an impact on certain items within the scale. There was also no overall impact of the intervention on gender empowerment among men, but again there was on certain items. The intervention did have an impact on women's attitudes to both relationship control (AOR ¼ 1.34;
Trial of HIV prevention in youth Cowan et al. 2545 Table 1 . Characteristics of final evaluation survey participants. 
Sexual behavior
Women were more likely to report having had sex than men (53 vs. 42%). Median age of partner at first sex was 24 for women and 17 for men. Sexually active men reported more lifetime partners (median ¼ 2 vs. 1) and more partners in the last 12 months (median 2 vs. 1) than women. Men were more likely to report condom use at last sex (81 vs. 59%). There was no effect of the intervention on any of these behavioral outcomes in men or women (Tables 2 and 3 ). Age at sexual debut was the same across trial arms [adjusted hazard ratio for men 1.02 (95% CI 0.90-1.15) and for women 0.94 (95% CI 0.86-
There was also no effect on reported use of pregnancy prevention.
Impact of the intervention on clinic attendance
There was no effect of the intervention on any aspect of clinic attendance (Tables 2 and 3 ). Women in the intervention arm were more likely to report that they would go to a clinic if they needed to access contraception (AOR ¼ 1.33; 95% CI 1.05-1.69).
Impact of the intervention on the prevalence of biological outcomes Eighteen HIV and 119 HSV-2 results were indeterminate (similarly distributed between trial arms). Indeterminate results were assumed negative. HIV prevalence was 1.5% in men and 7.7% in women, HSV-2 prevalence was 1.6% in men and 10.8% in women; both HIV and HSV-2 prevalence increased steeply with age ( Supplementary  Fig. 3 , http://links.lww.com/QAD/A87).
There was no effect of the intervention on the primary endpoints of HIV or HSV-2 prevalence in either men (Table 4) or women ( Table 5 ).
The proportion of women with a positive pregnancy test did not differ significantly between arms. There was a reduction in reported current or past pregnancies in the intervention arm among all women (AOR ¼ 0.64; 95% CI 0.49-0.83) and among married women (AOR ¼ 0.65; 95% CI 0.49-0.87). Among unmarried women, there were nonsignificant reductions in the number of current pregnancies, and the number of reported past, current, and unwanted pregnancies. Unmarried women in intervention communities were at significantly lower risk of any pregnancy (defined as positive on pregnancy test and or reported current or past pregnancy) (AOR ¼ 0.55; 95% CI 0.32-0.95) than those in comparison communities. There was no effect of the intervention on reporting of symptoms of STDs in either men or women.
Impact of the intervention by intensity of intervention exposure A subgroup analysis was carried out among participants who attended an Regai Dzive Shiri (RDS) trial school
Trial of HIV prevention in youth Cowan et al. 2547 Table 3 . Impact of the intervention on population prevalence of knowledge, attitudinal, and behavioral outcomes -women. Restricted to those who reported ever having had sex (includes those who reported nonconsensual sex, anal sex, or sex when too drunk to say no). and lived in the trial community throughout the duration of the intervention (Table 6 ). Effects of the intervention on knowledge and attitudinal outcomes in this subgroup tended to be somewhat larger than in the full study population, but there was no evidence of an increased impact on the primary outcomes of HIV or HSV-2 in either men or women.
Discussion
This is one of the first reported trials of a communitybased multicomponent behavioral intervention aimed at changing social norms for young people in Africa, that had biological endpoints as its primary outcomes. There was no effect of the intervention on any of these including HIV prevalence, HSV-2 prevalence, or current pregnancy as measured by pregnancy test. There was an effect on some secondary endpoints including an increase in knowledge related to STD acquisition and pregnancy prevention in intervention communities and a positive effect on some attitudes relating to relationship control and to gender empowerment. Among young women, there was also an increase in reported self-efficacy.
There was no effect of the intervention on reported sexual behavior, reported clinic use or reported use of pregnancy prevention in men or women in intervention communities. Importantly, there was also no evidence to suggest that young people taking part in the intervention were more sexually 'promiscuous' a concern raised by adult community members and policy makers within Zimbabwe (and elsewhere). Despite the change in knowledge and reported attitudes, there was no difference in effect on HIVor HSV-2 prevalence in men or women, nor was there a difference in prevalence of positive pregnancy test between arms of the trial. There was a significant reduction in reported pregnancies among women. Despite the widely reported fall in HIV incidence in Zimbabwe [15, 17] , these trial data clearly illustrate that HIV acquisition continues to be a serious public health problem with annual incidence of 4% in young women and 0.8% in young men, the higher rates of infection in women likely reflecting the greater age disparity between themselves and their partners.
Trial of HIV prevention in youth Cowan et al. 2549 Table 6 . Subanalysis restricted to survey participants who attended a Regai Dzive Shiri trial school and had lived in the community for the duration of the intervention (i.e., 5 years or more). This trial was carefully designed and implemented. The intervention was theoretically based and fulfilled all the criteria for likely effectiveness identified by the systematic review of community-based interventions for young people in developing countries [9] . Qualitative and process evaluation data (not shown) suggested that the intervention model was popular with both adults and young people and that the highly skilled and motivated PPEs were an inspiration to young people within the communities where they worked. Although such careful selection, training, and supporting of PPE is expensive (total cost US$ 400 per peer per annum), each peer reaches hundreds of young people and adults within the community in which they work and is able to provide ongoing motivation to key people within the community to become actively involved in HIV prevention. Had it been shown to be effective, this intervention model had the potential to go to scale, as part of a system of national service for young people.
Male participants
The effect of the intervention was assessed in the wider community rather than just among intervention recipients, so the modest intervention effects that we detected are likely to have been diluted. Of note, the effects on knowledge and attitudes were of similar magnitude to those found with the MEMA kwa Vijana trial [18] , which assessed the impact in a cohort of intervention recipients. Although we found no evidence of dose-response, our data on intervention exposure showed considerable inconsistency, which limits our ability to detect this. Exposure misclassification also reduced our ability to discern the extent to which the intervention impact diffused beyond intervention recipients into the wider population, although a feature of both the out-of-school youth and parents' intervention was to encourage participants to engage friends and relatives in discussions around HIV prevention.
Clearly, improving knowledge and changing attitudes of young people are important endpoints in their own right. Although the rates of comprehensive knowledge (participants responding to all items correctly) were low, when responses to individual items were examined separately (data not shown), levels were somewhat better at 50-60%. Changing attitudes relating to gender issues is thought to be a particularly important prerequisite to changing the HIV risk environment [19] and it is encouraging that the intervention was able to make modest gains in this regard, particularly among young women. However, beliefs relating to the rights of women are deeply entrenched, and will consequently be difficult to change.
Encouragingly, there was some evidence of an effect on reported past pregnancy in married women and all pregnancies in unmarried women. Although selfreported data on pregnancy need to be interpreted with caution, there was no evidence of reporting bias for current pregnancy (actual and reported pregnancy were highly correlated). We also demonstrated that pregnancy prevention knowledge was increased in both men and women and that young women in the intervention arm were more likely to report that they would be able to go to the clinic to access contraception. Unlike antibiotic treatment for sexually transmitted infections, contraception was consistently available at clinics throughout the trial. Several studies in Africa, including this one, have found that pregnancy is of more immediate concern to young women than HIV [20, 21] .
To date, there have been relatively few published trials of HIV prevention interventions among young people in Africa that have used objective endpoints. MEMA kwa Vijana, a trial of a school-based intervention supported by a youth-friendly clinic intervention in Tanzania, found that intervention recipients had increased knowledge as well as reductions in reported unsafe sexual behavior [18] . There was, however, no effect on biological outcomes. A follow-up survey conducted 5 years after the trial found that although some knowledge, attitude, and behavioral change persisted, again there was no evidence of longterm impact on biological endpoints [22] . Jewkes et al.
[23] conducted a cluster randomized trial of the 'Stepping Stones' community-based intervention in rural South Africa and were able to show an effect on knowledge, attitudes, and behavior as well as a reduction in incidence of HSV-2 that was of borderline significance.
There were some limitations to intervention implementation that may have undermined its potential effectiveness. First, in Zimbabwe as in many other countries, there is ambivalence about promoting condoms to young people and mention of condoms was not permitted in schools. Many churches continue to denigrate their effectiveness [24] . Although our intervention was able to tackle this issue to some extent by educating young people and adults within communities, young people were aware of these conflicting opinions and this may have undermined intervention impact. The recent HIV prevention series in the Lancet [25] called for better scaling up of interventions that are known to be effective [19] . Finding ways to convince and educate policy makers and other stakeholders that adolescent interventions in general and condom promotion in particular do no harm is clearly going to be key to successful scale-up.
A further limitation to intervention implementation was the high level of mobility of young people. Relatively few survey participants were exposed to both in-of-school and out-of-school programs. Only 55% of young women and 68% of young men had lived in trial communities throughout the 4 years of the trial; women were more likely to leave or enter the community around the time of marriage than men. Although this suboptimal exposure of survey participants (as opposed to those living in communities during the course of the trial) reduces the likelihood of demonstrating intervention effectiveness, it also likely reduces the possibility that a critical mass of young people were reached, sufficient to bring about change in community norms to reduce sexual risk taking. Quantifying the extent to which the high mobility could have affected intervention effectiveness or our measurement of it is not possible with the data collected. This high mobility emphasizes the need to bring interventions to scale to ensure that people who move from one community to another continue to be able to access HIV prevention programs and are not disadvantaged by their mobility. Orphans and women who are married (two groups with high rates of HIV) are those most likely to have moved and are also those most in need or HIV prevention education [26, 27] .
In addition, the political and economic climate in Zimbabwe during the trial made many aspects of intervention implementation and evaluation challenging. For example, it became difficult to implement the intervention within secondary schools for political reasons. This coincided with a fall in school attendance for economic reasons. We, therefore, shifted delivery of the intervention into the community from 2005. In addition, the clinics suffered from high rates of staff attrition; trained staff were frequently lost and those remaining were increasingly overstretched. The STD drugs supply at clinics was poor. In focus group discussions, young people cited lack of drug availability as a reason for nonattendance.
Population mobility also affected intervention evaluation and resulted in a change in the design of the trial from a cohort to serial cross-sectional evaluation, which diluted intervention effects. The rationale for altering the design was not only based on the high rate of outmigration from communities but also on the fact that the intervention had become increasingly community-based. Although this clearly affected our ability to detect intervention effectiveness, it is not possible to say whether the trial outcomes would have been different if it had been implemented under different circumstances.
This trial is one of several that contributed to a recently published systematic review of behavioral interventions for HIV prevention. Disappointingly, none of the behavioral interventions included in that review had an impact on HIV endpoints either because the interventions were ineffective or because of trial design/implementation issues [28] . A consensus seems to be emerging, however, that behavioral interventions alone are unlikely to be sufficient to reverse the HIV epidemic and that it is likely that combination approaches that integrate behavioral, biomedical, and structural components will be more effective at a population level [25] . Finding ways to implement those HIV prevention interventions that are known to be effective (such as male circumcision, HIV testing and counseling, condom promotion) while looking for innovative ways to combine or layer them, in addition to searching for novel intervention approaches, is the challenge for the next generation of HIV prevention research. The urgency of meeting this challenge could not be more clearly exemplified than by the unacceptably high HIV incidence among the young Zimbabweans in this trial, particularly the young women.
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